Abstract. We consider the following multi-level opinion spreading model on networks. Initially, each node gets a weight from the set {0, . . . , k − 1}, where such a weight stands for the individuals conviction of a new idea or product. Then, by proceeding to rounds, each node updates its weight according to the weights of its neighbors. We are interested in the initial assignments of weights leading each node to get the value k − 1 -e.g. unanimous maximum level acceptance-within a given number of rounds. We determine lower bounds on the sum of the initial weights of the nodes under the irreversible simple majority rules, where a node increases its weight if and only if the majority of its neighbors have a weight that is higher than its own one. Moreover, we provide constructive tight upper bounds for some class of regular topologies: rings, tori, and cliques.
Introduction
New opinions and behaviors usually spread gradually through social networks. In 1966 a classical study showed how doctors' willingness to prescribe a new antibiotic diffused through professional contacts. A similar pattern can be detected in a variety of innovations: Initially a few innovators adopt, then people in contact with the innovators get interested and then adopt, and so forth until eventually the innovation spreads throughout the society. A classical question is then how many innovators are needed, and how they need to be disposed, in order to get a fast unanimous adoption [17] .
In the wide set of the information spreading models, the first computational study about information diffusion [9] used the linear threshold model where the threshold triggering the adoption of a new idea to a node is given by the majority of its active neighbors.
Recently, information spreading has been intensively studied also in the context of viral marketing, which uses social networks to achieve marketing objectives through self-replicating viral processes, analogous to the spread of viruses. The goal here is to create a marketing message that can initially convince a selected set of people and then spread to the whole network in a short period of time [6] . One problem in viral marketing is the target set selection problem which asks for identifying the minimal number of nodes which can activate, under some conditions, the whole network [7] . The target set selection problem has been proved to be NP-hard through a reduction to the node cover problem [10] . Recently, inapproximability results of opinion spreading problems have been presented in [5] .
In this paper, we consider the following novel opinion spreading model. Initially, each node is assigned a weight from the set {0, . . . , k − 1}; where the weight of a node represents the level of acceptance of the opinion by the actor represented by the node itself. Then, the process proceeds in synchronous rounds where each node updates its weight depending on the weights of its neighbors. We are interested in the initial assignments of weights leading to the all-(k − 1) configuration within a given number of rounds. The goal is to minimize the sum of the initial weights of the nodes.
Essentially, we want everyone to completely accept the new opinion within a given time bound while minimizing the initial convincing effort (sum of the initial node weights).
We notice that we are interested in the case in which the spreading is essentially a one-way process: once an agent has adopted an opinion (or behavior, innovation, . . .), she sticks with it. These are usually referred as irreversible spreading processes.
Dynamic Monopolies and Opinion Spreading.
In a different scenario, spreading processes have been studied under the name of dynamic monopolies. Monopolies were initially introduced to deal with faulty nodes in distributed computing systems. A monopoly in a graph is a subset M of nodes such that each other node of the graph has a prescribed number of neighbors belonging to M . The problem of finding monopolies in graphs has been widely studied, see for example [1] , [12] , and [13] for connections with minimum dominating set problem.
Dynamic monopolies or shortly dynamo were introduced by Peleg [15] . A strong relationship between opinion spreading problems, such as the target set selection, and dynamic monopolies exists. Indeed, they can be used to model the irreversible spread of opinions in social networks.
Dynamic monopolies have been intensively studied with respect to the bounds of the size of the monopolies, the time needed to converge into a fixed point, and topologies over which the interaction takes place [2] Our Results: Weighted Opinion Spreading. We model the opinion spreading process considered in this paper, by means of weighted dynamos.
We extend the setting of dynamos from 2 possible weights (denoting whether a node has accepted the opinion or not) to k levels of opinion acceptance (a different extension has been studied in [4] ). Initially, each node has a weight (which represents the node initial level of acceptance of the opinion) in the set {0, . . . , k − 1}. Then, each node updates its weight by increasing it of one unit if the weights of the simple majority of its neighbors is larger than its own. We call k-dynamos, the initial weight assignments which lead each node in the network to have maximum weight k − 1. We are interested in the minimum weight (i.e. the sum of the weight initially assigned to the nodes) of a k-dynamo. We focus on both the weight and the time (e.g., number of rounds needed to reach the final configuration); namely, we study k-dynamos of minimum weight which converge into at most t rounds.
